ing that the type of task will affect the time on task effect. Presumably, a more complex scenario may be resistant to sleep loss also in a driving simulator. In the present study the intention was to investigate whether a more challenging scenario would affect sleepiness indicators in a driving simulator and/or whether the complex scenario would eliminate the expected effects of sleep loss.
The strategy involved alternating, relatively short, periods (30-60 seconds) with situations characterized by either free driving (no other vehicles on the road) or by approaching and following another, slower, vehicle ("car following"). The latter also presented an opportunity to overtake the slower vehicle. The main question concerned whether there would be a difference in sleepiness indicators between free driving and a car following situation during sleepy driving (after sleep loss).
The challenging scenario also included overtaking. The latter was not scheduled, but the opportunity was "offered" in the form of a slower vehicle being introduced and a lack of vehicles in the opposite lane. In this situation, however, driving parameters could not be used due to the fact that changing lanes would directly affect some of the driving parameters otherwise used to indicate sleepiness. Still, eye blink duration was comparable across the three situations. Interest was also focused on subjective sleepiness, although ratings could not be given at the rate of one/30-60 s. Instead, 5-min intervals were used and effects can thus only be evaluated as an integrated state across a combination of situations. Speed was included as a variable mainly to monitor driving behaviour.
Finally, a stopped school bus was introduced as an example of a safety critical event to evaluate the effect of sleep loss on driving behaviour. No particular behaviour other than "carefulness" is legally required when passing a school bus in Sweden, but normally a speed reduction is expected. No prior studies of sleepiness in relation to a stopped school bus exist, but it was hypothesized that a sleepy driver would be slower in reducing speed when perceiving a school bus. However, if forewarned (through an "intelligent vehicle driver support system") before visual contact with the stopped bus, the assumed effects of sleepiness might disappear.
Method

Subjects
The subjects were recruited through advertisement in newspapers and through the web site of the Swedish Road and Transportation Research Institute. All subjects were shift workers. The subjects normally worked as nurses, police officers or industrial workers. The subjects drove twice: once after night sleep and once directly after finishing the night shift, here called "no sleep" condition. The order between night sleep and no sleep conditions were balanced for subjects and sex. Hence, four men and four women had their first experimental day after night sleep and the other participants drove the first time after no sleep. All subjects had been awake and working during the night before the no sleep condition. They drove the simulator for 60 min, starting between 0600 h and 0800 h depending on the time of finishing the preceding night shift. The time between the night sleep and the no sleep condition was 4 d or more. Before the night sleep condition (alert) all subjects had been sleeping between 23 h and 07 h. The condition "night sleep" was started between 8 h and 1300 h.
In total, 8 males and 9 females participated. The mean age was 43 yr (SD=7), mean weight = 76 kg (SD=12.4) and mean height=173 cm (SD=9.8). The drivers had had their driving licences for 23.5 yr (SD=7.5) and drove 20,440 km (SD=13,430 km) during the preceding year. The majority of the drivers reported high sleep quality (16 out of 17). Seven out of 17 (41%) subjects had experience of sleep related driving incidents. However, none of the drivers had been involved in a sleep related crash. The experiment was approved by the regional ethical committee (Linköping (EPN), 2006 179-06).
Scenario and design
The study was carried out using an advanced moving base driving simulator 1 . The car body consisted of the front part of a Volvo 850 with a manual 5 shift gearbox. Noise, infra-sound and vibration levels inside the cabin corresponded to those of a modern car. The field of view was 120˚ (3 video channels with 40˚ each), rear mirrors were present as well. There were three channels of forward view of a total of 120˚× 30˚ from the subject's position in the simulator. The road was a two-lane rural road (9 m wide) and each lane was 3.75 m wide. Guard rails or post delineators (reflecting the road width), were present on the road, see Fig. 1 . The road had 0.35 m wide rumble strips, which were located 0.175 m outside the lane marking, as well as between the two lanes.
Each participant drove for 60 min. The scenario was repeated every 9,800 m for 9 identical "laps". For each lap two different types of scenarios were designed; free driving without any slower vehicle on the road ahead and catching up with a slower vehicle, see Table 1 .
Furthermore, a school bus parked on the right hand side was passed twice, once without prior information (lap 4) and once with information displayed at the RPM meter 600 m before passing the bus (lap 9), see cases the warning lights were flashing when the bus became visible. In Sweden it is legal to pass (in both directions) a stopped school bus, but the drivers are advised to take extra care.
Rumble strips were visible during three laps, not visible during three laps and three laps did not have rumble strips at all. There was no effect of rumble strips and these three conditions were therefore collapsed and the results are not included in this paper.
Procedure
About one week before the experiment the subjects received documents describing the experiment and how they should prepare before arriving. The drivers were instructed to: refrain from alcohol for 72 h before the day of the experiment, not eat, drink coffee or tea for 3 h before arriving at the laboratory and not to use make-up.
This since the effect of caffeine has been shown to be valid for less than 3 h 17) . They were also informed about how to use the subjective Karolinska Sleepiness Scale (KSS) 18) . On arrival the drivers were taken to the laboratory in order to fill out questionnaires, informed consent forms and for application of electrodes for measuring the electrooculogram (EOG). The drivers were then taken to the simulator the recording equipment connected and an instruction was read to the driver.
The subjects carried out a test drive for 10 min and then the experiment started. The focus during the training was on the driving task. During the test drive they were encouraged to try to overtake other vehicles if they found the situation suitable for this. The majority of the subjects had been driving the simulator in at least one experiment before.
The participants were instructed to drive as they normally do and in accordance with the law (speed limit -90 km/h). After 90 km the experiment ended. The subjects were then taken back to the laboratory, electrodes were removed and post-drive questionnaires filled out. After the no sleep condition the driver was sent home in a taxi. The subjects were instructed to report sleepiness (KSS) each five minutes while driving, describing how they had felt during the last five minutes. The scale was prompted by an instruction displayed on the windshield, with the response given orally.
Measurements
The EOG was measured through a portable recording system ("Vitaport 2" from Temec Instruments BV (see www.temec.com)). Vitaport 2 is digital recorder with a software configurable number of channels for physiological measurements. Horizontal and vertical electrooculogram (EOG) were measured through three channels. The sampling frequency was 512 Hz, DC recording mode. The analysis of EOG data was carried out using Matlab software developed by CNRS/LAAS in the SENSATION Project WP4.4 19) . It essentially involves a low pass filter to establish a stable baseline for the signal and a velocity criterion for an upward, followed by a downward movement of the EOG signal. The duration was computed at mid-slope of the upward and downward movements. Driving behaviour was recorded with a 10 Hz sampling frequency. The driving behaviour data obtained from the simulator were lateral position (minimum, mean and variability) and speed. Negative values of lateral position show deviations from centre line to the right and positive values show deviations to the left. The minimum of lateral position refers to the maximum lane departure (most to the right -edge line).
The Karolinska Sleepiness Scale (KSS) 18) ranges from 1-9 where 1=very alert, 5=neither sleepy nor alert, 7=sleepy but no effort to remain awake, and 9=very sleepy, an effort to stay awake, fighting sleep. The scale was modified to have labels also on intermediate steps.
It is well validated against other measures of sleepiness.
Analyses
The key question was the effect of sleep loss on behavioural, physiological and subjective indicators of sleepiness in a complex traffic situation. This yielded three distinct situations for comparison 1. Free driving (not being in a car following situation or overtaking) 2. The car following situation (excluding overtaking) 3. Overtaking (from the point of starting the overtaking to the point of being back in the lane again). Data from lap 1-8 were used to represent the duration of driving and lap 9 was removed in order to avoid analysing end spurts effects.
The statistical analysis involved two-and three-factor ANOVAs with repeated measures. The results were corrected for sphericity using the Huynh-Feldt method. The factors were condition (night sleep vs. no sleep), lap (1) (2) (3) (4) (5) (6) (7) (8) and "situation", that is, driving scenario (free driving vs. car following and overtaking (only in the second analysis). The lower df value in some analyses is due to lack of data. Overtaking could not be part of the first ANOVA because drivers sometimes did not overtake on all laps. Thus, a second ANOVA was computed with blink duration as the dependent variable and without laps and with all situations of overtaking averaged across laps. Driving variables could not be analyzed since the act of overtaking caused major changes in the driving parameters. Subjective sleepiness (KSS) was analyzed with a repeated measures ANOVA with 2-factors (condition × lap). All analyses were carried out with SPSS 15.0. All test used a significance level of α=0.05.
Results
There was a significant effect of the factor condition (no sleep/night sleep) for blink duration, SD of blink duration, lateral position and variability of lateral position, see Table 2 and Fig. 2 . All increased with sleep loss except for lateral position, which moved closer to the centre line.
There were also significant effects of the factor situation for lateral position, minimum of lateral position and speed, and during free driving, compared to being in a car following situation. Lateral position was closer to the edge line under the free driving situations. The speed was lower the in the car following situation (for obvious reasons). The effect of lap was significant for all measures except for SD of blink duration. Blink duration and variability of lateral position increased, but also the lateral position and its minimum increased across laps. Speed increased somewhat across laps. There were no significant interactions.
Since the data suggest a start-up effect, an analysis was also carried out with the first lap removed. This caused the significant effects of lap to disappear for blink duration (F=2.59; p=0.075), speed (F=1.990; p=0.099) and variability of lateral position (F=0.991; p=0.421). A new significant interaction appeared between condition and lap (F=2.284; p=0.042).
In the car following situation the average distance to the car ahead was 34.94 m (SD 6.07 m) after night sleep and 32.67 m (SD 4.31) after no sleep. The difference was not significant (t (15) The second analysis, see Table 3 , shows that when overtaking was included in the factor "situation", the ANOVA showed significant effects of condition and situation. Also the interaction between the two was significant. Figure 3 shows that blink duration and variability was shorter during overtaking.
Fifteen subjects overtook at least one car both after night sleep and after no sleep. Among those there were 175 events of overtaking during laps 2-8. The minimum lateral position during an overtaking after a night sleep was -2.02 m (SD 0. Figure 4 shows that the effect of information beforehand on the presence of a school bus was significant; speed was reduced by 11 km/h (F (1, 15) =6.531; p=0.022), but the effect of condition (4 km/h) was not (F (1, 15) =0.301; p=0.591) and here no significant interactions was found.
Passing a stopped school bus
Subjective sleepiness
Self-reported sleepiness differed between the night sleep and no sleep condition (F (1, 16) =86.182; p<0.000), see below 5 and after no sleep it was below 8. There was also an effect of laps (F (7, 112) =20.112; p<0.000). Sleepiness increased with laps driven. There was no significant interaction (F (7, 112) =1.353; p=0.260).
Discussion
The main result in the present study was the lack of difference in sleepiness indicators between free driving and car following situation, the significant increase in sleepiness indicators after sleep loss in both those conditions and the reduced blink duration (and its variability) during overtaking, as well as the reduction of the effects of sleep loss during overtaking.
Sleep loss appears to have had the expected effects on sleepiness indicators 10, 11, 14) . Following another car did not affect sleepiness, which had been hypothesized. There are no similar data to compare with, but it is possible that just following another car and getting ready for overtaking may not be challenging enough to affect indicators of sleepiness. There is also a possibility, that the relatively short intervals of driving may not have been long enough to induce sufficient monotony to be a contrast against the alerting effects of following another car.
Overtaking reduced sleepiness compared to the other two situations and seems to have eliminated, at least partly, the sleepiness induced by sleep loss. This is rather remarkable, considering all the studies that show severe effects of sleep loss on eye blinks 10, 11, 14) . There doesn't seem to exist any comparable data but in a study of effects of time of day on the risk of different types of crashes it was found that the only type of crash without a late-night peak in relative accident risk was that due to overtaking 20) . This suggests that the assumed stressfulness of overtaking counteracts sleepiness. However, it is not entirely clear if the effect seen in the present study (and in the study by Åkerstedt and Kecklund 20) ) is one of increased alertness. Instead, the stress of the task may mask a latent sleepiness, although one might still argue that at least temporary alertness had been present. Furthermore, Anund et al. 21) have recently shown that hitting a rumble strip while in a sleepy state only affects sleepiness for a very brief period. One might also conceive that the task itself might affect blink duration without having anything to do with alertness. While possible, there isn't any support in the literature for this. A third interpretation could be that overtaking was attempted only when the driver felt alert. However, then one would have expected a larger number of overtakings during the night sleep condition and in the beginning of the drives, but this did not occur. One implication of the effects of overtaking is that the driving situation must be taken into account when evaluating results from field operational tests of sleepy driving.
The effect of laps was significant in the original analysis, but disappeared for several indicators of sleepiness (e.g blink duration and lateral variability) when the first lap was removed from the analysis. The impression is that the linear increase in sleepiness which has been seen in so many other driving simulator studies 7, 9, 21, 22) is not as clear as in the present more complex scenario. The modest effect of laps (time on task) again suggests that the alternating interaction with other vehicles may have had combined alerting effects, counteracting accumulating sleepiness with duration of the drive. This, however, will have to be studied separately.
Subjective sleepiness was not part of the evaluation of the effect of the driving situations, but was included for reference. It responded very clearly to sleep loss, as well as to time on task. The pattern is very similar to that of other studies using the same scale (KSS) [8] [9] [10] , but again, the peak levels in the present study was about one unit lower than the usually encountered level 9.
Several of the observations above suggest that the present scenario with a more variable driving situation may have had an overall effect of increasing alertness, compared to similar studies of our own. However, this must remain a subjective impression since direct comparisons between studies are not appropriate because of differences between the studies. A control condition without interaction with other vehicles would clarify this issue, but was not part of the present purpose.
Another issue unrelated to sleep loss was the movement to the left (closer to the centre line) in lane position, presumably since the driver attempted to look for oncoming vehicles. Variability of lane position was not affected by the situation, which may be important information for the development of alertness monitoring devices. The results from the school bus situation showed no effect of sleep loss on speed. This suggests that the warning signals are acted upon regardless of alertness. The information per se, however, caused reduced speed. Thus, it seems likely that this type of information may be useful in intelligent transport system (ITS) approaches to provide driver support about upcoming hazards.
The results suggest that drivers' sleepiness on the road may be somewhat less than what can be extrapolated from driving simulator studies. However, it is also possible that true sleepiness may be masked by a stimulating driving situation and thus that the awareness of latent risk might be lower.
The present study has several limitations. The need for a control condition with monotonous driving across all laps has already been discussed, as well as longer duration of the "situations" in order to induce monotony. Another point is the limitations of a simulator. Even if the present one represents state of the art, it is still not real driving and one must always be careful generalizing to real driving. On the other hand, in the simulator critical levels of risk present real driving can be exceeded without untoward consequences.
The study wasn't sufficiently large to take into account age and gender and we have found a tendency of younger subjects to be more sleepy 10) and males seem more at risk in terms of night time crashes (controlling for alcohol) 20) . However, it is not clear how this would have affected the results, even if one could speculate that younger males might benefit more from a more variable driving context. Still, this needs to be demonstrated.
As in most studies of sleepiness there is a lack of participants in order to fully take into account individual differences 11) . However, the use of 17 participants has in earlier studies been proven to be enough for relative comparisons in driving simulator studies with shift workers 9, 23) .
In conclusion, we found that sleepiness due to sleep loss was present also in a more variable and complex driving situation, but interaction with other vehicles did not seem to affect sleepiness indicators, except for the situation of overtaking. In connection with the latter, sleepiness indicators essentially showed normal alertness in spite of sleep loss. Further studies are necessary to investigate the interaction of sleepiness and different situations of driving.
